Objective. To determine whether there would be racial and ethnic disparities in meeting eligibility criteria for medication therapy management (MTM) services implemented in 2006 for Medicare beneficiaries. Data Sources/Study Setting. Secondary data analyses of the Medical Expenditure Panel Survey (2004)(2005). Study Design. Logistic regression and recycled predictions were used to test the disparities in meeting eligibility criteria across racial and ethnic groups. The eligibility thresholds used by health plans in 2006 and new thresholds recommended for 2010 were examined. Racial and ethnic disparities were examined by comparing non-Hispanic blacks (blacks) with non-Hispanic whites (whites) and comparing Hispanics with whites, respectively. Disparities were also examined among individuals with severe health problems. Principal Findings. According to 2006 thresholds, the adjusted odds ratios for meeting eligibility criteria for blacks and Hispanics to whites were 0.36-0.60 (po.05) and 0.13-0.46 (po.05), respectively. Blacks and Hispanics would be 21-34 and 32-38 percent, respectively, less likely to be eligible than whites according to recycled predictions. Similar patterns were found using the 2010 eligibility thresholds and among individuals with severe health problems. Conclusions. There would be racial and ethnic disparities in meeting MTM eligibility criteria. Future research is warranted to confirm the findings using data after MTM implementation.
conditions, (2) using multiple covered drugs, and (3) being likely to incur over U.S.$4,000 (in 2006 dollars) in annual Part D drug costs.
The thresholds for MTM eligibility criteria have been evolving since the inception of the program. According to CMS, in 2006, the eligibility thresholds used by Part D plans based on number of chronic conditions ranged from 2 to 5; the thresholds based on number of Part D drugs ranged from 2 to 23 (CMS 2008) . The upper limits of the eligibility thresholds are going to be reduced as required by CMS. According to the March 30, 2009, Call Letter from CMS, which provides information for the Part D plans to bid for contract in 2010, CMS stipulated that the plans cannot require more than eight Part D drugs, three chronic conditions, and a lowered cost threshold of U.S.$3,000 as the MTM eligibility thresholds (CMS 2009) .
Individuals who meet the eligibility criteria have more complicated medication regimens than do others, and they are more likely to benefit from MTM services. Therefore, by restricting MTM to qualified individuals, CMS strives to move America's health care to a value-based system (Edgar 2006) . However, racial and ethnic minorities may have a lower likelihood of meeting eligibility criteria for MTM. The reason is that MTM eligibility criteria 2 and 3 are predominantly based on drug utilization, while previous research has shown that blacks and Hispanics are apt to use fewer prescription drugs compared with their non-Hispanic white (whites) counterparts (Briesacher, Limcangco, and Gaskin 2003; Schore, Brown, and Lavin 2003; Wang et al. 2006 Wang et al. , 2007a . Regarding eligibility criterion 1, existing literature has documented that minority groups have a higher incidence of developing certain diseases than do their majority counterparts (Institute of Medicine 2002; Byrd, Fletcher, and Menifield 2007) . Nonetheless, it is not clear whether minority groups are more or less likely than their majority counterparts to exceed a certain number of chronic conditions (Institute of Medicine 2002; Byrd, Fletcher, and Menifield 2007) .
Examining the disparity implications of MTM eligibility criteria can inform the policy-and decision-making process for the federal government and health insurance plans that manage Medicare beneficiaries' health care services. CMS designed the MTM eligibility criteria in a flexible manner to encourage their evolution (Edgar 2006) , and examining the disparity implications of MTM eligibility criteria can provide for the evolution of MTM services an important consideration related to racial and ethnic disparities. Without examining the disparity implications of MTM eligibility criteria, equity concerns may continue to be ignored in the evolution of the MTM criteria. For example, some researchers already have suggested refining the MTM criteria by focusing only on the drug cost criterion of the MTM eligibility criteria (Daniel and Malone 2007) . They made this suggestion because they found that there is a redundancy in the eligibility criteria. For example, approximately 97 percent of the older adults who exceeded the drug cost threshold for MTM (criterion 3) also had two or more chronic diseases (criterion 1) (Daniel and Malone 2007) . While these suggestions can increase efficiency, equity concerns were further ignored.
Using historical data, this study was conducted to examine whether there would be racial and ethnic disparities in meeting MTM eligibility criteria among Medicare beneficiaries. There were three specific study objectives: (1) to test the hypothesis that non-Hispanic blacks (blacks) and Hispanics would have a lower likelihood of meeting MTM eligibility criteria than would whites according to the eligibility thresholds used by Part D plans in 2006, (2) to test the hypothesis that blacks and Hispanics would have a lower likelihood of meeting MTM eligibility criteria than would whites according to the new CMS eligibility thresholds for 2010, and (3) to test the hypothesis that blacks and Hispanics would have a lower likelihood of meeting MTM eligibility criteria than would whites among Medicare beneficiaries with severe health problems.
METHODOLOGY

Conceptual Framework
The MTM eligibility criteria are predominantly based on the utilization of pharmaceutical products and health services. Even the criterion based on the number of chronic conditions reflects health services utilization because medical conditions have to be diagnosed during physician visits. Therefore, this study used as its conceptual framework Andersen's Behavioral Model of Health Services Utilization. According to this model, the utilization of health services is determined by three groups of factors: predisposing factors, enabling factors, and need factors; the utilization of health services then leads to improved patient satisfaction and improved health outcomes (Andersen and Davidson 2001) . Among the determinants of health services utilization, predisposing factors, including race, ethnicity, age, gender, and marital status, ''predispose'' individuals to the utilization of health services. Enabling factors, including income, health insurance, education, and region of residence, ''enable'' individuals to utilize health services. Need factors, such as health status perceived by health care providers or patients, reflect individuals' need for services. From the MEPS data files, the following information was obtained for each survey respondent: (1) sociodemographic characteristics including race and ethnicity, health status, and use of medications and health services; (2) characteristics of each medical condition that a survey respondent reported; (3) each prescribed medicine event, including the drug name. Race and ethnicity were self-reported in MEPS.
Data Source
Determining MTM Eligibility According to 2006 Thresholds
If one is to determine the disparity implications of the eligibility criteria, it is reasonable to examine the ranges of the thresholds represented by three data points: the upper limit, median, and lower limit. For example, the MTM eligibility thresholds in 2006 had the following patterns: the threshold based on the number of Part D drugs ranged from 2 to 23 (median 5 5); the threshold based on the number of chronic conditions ranged from 2 to 5 (median 5 3); and the threshold based on Part D drug costs was constant at U.S.$4,000 (CMS 2008) . Because an individual had to meet all three criteria to be eligible for MTM, one needs to determine just the disparity implications of 3 Â 3 Â 1 5 9 different combinations of the thresholds.
We conducted both main analysis and sensitivity analyses. In the main analysis, we examined racial and ethnic disparities in meeting MTM eligibility criteria for the criteria represented by the median values of the 2006 thresholds used by Part D plans. All other eight combinations of the eligibility thresholds were included in the sensitivity analyses.
Determining eligibility based on the number of Part D drugs and the total Part D drug costs was based on drug use information directly available in MEPS. All prescription drugs were included rather than only ''Part D drugs'' because of the wide variety of Part D plans (CMS, Department of Health and Human Services 2005). When determining eligibility based on the number of chronic conditions, we based this on a raw count of medical conditions among a list of 25 chronic conditions. This list of medical conditions was developed by Daniel and Malone (2007) as applicable to Medicare beneficiaries. This list of medical conditions was based on clinical classification codes that were developed in MEPS by aggregating ICD-9 codes. Each of the clinical classification codes represents a clinical classification category; for example, code ''5'' is for HIV infection and ''127'' is for chronic obstructive pulmonary disease and bronchiectasis.
Disparity Implications of the Eligibility Thresholds
We included three major racial and ethnic groups: whites, non-Hispanic blacks (blacks), and Hispanics. By including these racial and ethnic groups, we could examine both racial and ethnic disparities. Racial disparities were examined by comparing whites with blacks, and ethnic disparities were examined by comparing whites with Hispanics. Other racial and ethnic groups were excluded from further analysis because the sample sizes of these groups were too small to provide sufficient statistical power to detect meaningful differences between them and other groups. Additionally, fewer than 0.001 percent of the individuals in our study sample reported more than one racial group. They were excluded from the analysis because their small sample sizes did not warrant the technical complexity of including them in the analyses.
For study objective 1, we tested the hypothesis that blacks and Hispanics would have a lower likelihood of meeting MTM eligibility criteria than would whites according to the eligibility thresholds used by Part D plans in 2006. We examined racial and ethnic disparities in meeting eligibility criteria for each unique combination of the 2006 eligibility criteria using bivariate analysis and multivariate analyses. For the bivariate analyses, we first used a surveyweighted w 2 -test to determine the statistical differences in the likelihood of meeting eligibility criteria by racial and ethnic groups. Additionally, to explore how each eligibility criterion contributed to potential disparities, we used a similar method to examine the likelihood of exceeding the thresholds for each eligibility criterion. For the multivariate analyses, we used a surveyweighted logistic regression in the following model:
where Y is the dependent variable of the model defined as whether one meets the eligibility criteria. ''Race'' is a vector of dummy variables for racial and ethnic groups, including blacks and Hispanics (whites is the reference group). ''Sociodemo'' includes all sociodemographic characteristics and ''Health_Sta-tus'' includes all health-related characteristics as determined by Andersen's Behavioral Model of Health Services Utilization (Andersen and Davidson 2001) . We included predisposing factors measured by age, gender, and marital status (married or not); enabling factors measured by education (highest degree achieved), whether an individual had Medicaid, whether an individual had private insurance, income categories (poor, near poor, low income, middle income, and high income), whether an individual resided in a metropolitan statistical area, census region in which an individual resided (Northeast, Midwest, West, and South); and need factors measured by self-perceived health status (excellent, very good, good, fair, and poor) and whether an individual was eligible for Medicare because of disabilities (Andersen and Davidson 2001) . e is an error term. In the results from the logistic regression, an adjusted odds ratio for blacks to whites lower than 1, for example, would indicate that blacks would have a lower likelihood of being eligible for MTM than would whites. For study objective 2, we tested the hypothesis that blacks and Hispanics would have a lower likelihood of meeting MTM eligibility than would whites according to the new CMS eligibility thresholds for 2010. For this study objective, survey-weighted w 2 -tests and survey-weighted logistic regressions were used, similar to those for study objective 1. While upper limits for the new CMS eligibility thresholds for 2010 were reduced from the 2006 thresholds, we assumed that the lower limits of eligibility thresholds would stay the same in 2010 as in 2006 because the lower limits of two chronic conditions and two Part D drugs in 2006 already were rather low.
Study objective 3 tested the hypothesis that blacks and Hispanics would have a lower likelihood of meeting MTM eligibility criteria than would whites among Medicare beneficiaries with severe health problems. For this study objective, we used methods similar to those in study objective 1. Individuals with ''severe health problems'' were defined as Medicare beneficiaries belonging to two groups: those having reported fair or poor health (versus excellent, very good, and good health), and those having reported any limitations with daily activities such as activities of daily living. This definition is based on a previous study among Medicare beneficiaries (Riley 2000) . A further sensitivity analysis was conducted that included individuals who reported fair or poor health (versus excellent, very good, or good health).
Finally, because odds ratios produced by logistic regressions are harder to interpret than probabilities are, we used the method of recycled predictions to determine the disparities in the probabilities of meeting MTM eligibility criteria. For example, when estimating the differences between whites and blacks, we first estimated the logistic regression models including only whites and blacks in the sample; we then estimated the predicted probabilities of meeting eligibility criteria under the assumption that all in the sample were whites and all other variables remained the same; we further estimated the predicted probabilities of meeting eligibility criteria assuming all in the sample were blacks and all other variables remained the same; finally, we compared the averages of these two predicted probabilities and produced a new estimate of the difference between blacks and whites. The differences between whites and Hispanics were estimated in a similar manner.
All data analyses above took into account the complex survey design of MEPS, including primary sampling units, strata, and personal weights. This study was approved by the Institutional Review Board. Data analyses were conducted using the survey data analysis procedures in SAS 9.2 (SAS Institute Inc., Cary, NC) and Stata (StataCorp LP, College Station, TX). The statistical significance level was set a priori at 0.05.
RESULTS
Characteristics of the Population
The study sample included 8,454 (weighted to 80,725,686 were Hispanic. The differences between whites and minorities were significant for all characteristics except gender (Table 1 ; po.05): minorities were more likely to belong to the younger age groups than were whites; compared with whites, minorities were less likely to be married, less likely to have advanced degrees, more likely to have Medicaid, less likely to have private insurance, less likely to belong to higher income categories, less likely to have reported better health categories, and more likely to be eligible for Medicare because of disabilities. Minorities and whites also had different geographic distributions across census regions. Minorities were more likely to reside in metropolitan statistical areas than were whites.
Disparities in MTM Eligibility for 2006 Thresholds
According to bivariate analyses, the would-be proportion of blacks meeting MTM eligibility criteria was similar to that of whites, while the proportion of Hispanics was lower than that of whites (Table 2) . For example, according to the main analysis, the proportions of eligible individuals would be 13.22 percent among whites, 13.19 percent among blacks, and 8.98 percent among Hispanics. The difference between whites and blacks was not significant, but the difference between whites and Hispanics was significant ( Table 2 ). The sensitivity analyses had similar findings.
We calculated the proportions of individuals that would exceed a certain eligibility threshold based on each eligibility criterion (results not shown). We found that, for most eligibility thresholds, the proportion of eligible blacks would be similar to that of whites, while the proportion of Hispanics would be lower than that of whites. This pattern held for both the criteria based on Part D drugs and the criterion based on the number of chronic conditions.
In the multivariate analysis, the adjusted odds ratios of meeting eligibility criteria for blacks and Hispanics to whites were produced using a surveyweighted logistic regression (Table 3 ). According to the main analysis (Table  3) , the adjusted odds ratios for blacks and Hispanics to whites were 0.60 and 0.46. These data suggested that the odds for blacks and Hispanics to meet eligibility thresholds represented by the main analysis would be 40 and 54 percent lower than for whites, respectively. Using the method of recycled predictions, the proportions of blacks and Hispanics meeting eligibility thresholds were found to be 28 and 35 percent lower than for whites, respectively.
When the adjusted odds ratios for all analyses were taken into consideration (Figure 1) , the following two general patterns can be seen: (1) the adjusted odds ratios stayed lower than one (range 0.36-0.60, po.05), which suggested that the odds for blacks to meet the eligibility criteria would be 40-64 percent lower than for whites; (2) higher thresholds for the number of Part D drugs appeared to be associated with lower adjusted odds ratios and, thus, greater disparities. The proportions of blacks meeting eligibility thresholds were found to be 21-34 percent lower than for whites. The same general patterns can be seen for Hispanics (Figure 2 ): (1) the adjusted odds ratios were always lower than 1 (range 0.13-0.46, po.05), which suggested that the odds for Hispanics to be eligible for MTM would be 54-87 percent lower than for whites; (2) higher thresholds for the number of Part D drugs appeared to be associated with lower adjusted odds ratios and, thus, greater disparities. Using recycled predictions, we found that the proportions of Hispanics meeting eligibility thresholds were 32-38 percent lower than for whites.
Disparities Associated with the 2010 CMS Eligibility Thresholds
This part of the analyses produced findings similar to those analyses for the 2006 eligibility thresholds. (1) According to the bivariate analysis, the proportion of blacks meeting MTM eligibility criteria would be similar to that among whites, while the proportion among Hispanics would be lower than that for whites (po.05). (2) According to the multivariate analyses, all adjusted odds ratios for blacks and Hispanics were lower than 1 (ranges 0.65-0.71 and 0.48-0.59, respectively), which suggested that blacks and Hispanics would still have a lower likelihood of meeting eligibility criteria compared with whites (po.05). of recycled predictions, the proportions of blacks and Hispanics meeting eligibility criteria would be 22-32 percent and 34-39 percent lower, respectively, than that of whites. We compared the 2006 thresholds and 2010 thresholds on disparity implications by comparing the confidence intervals for the odds ratios when the upper limits of the eligibility thresholds were examined. The confidence intervals for the odds ratios for blacks to whites overlapped for the two sets of thresholds (0.17-0.86 for 2006 criteria; and 0.50-0.91 for 2010 criteria). The confidence intervals for Hispanics to whites also overlapped (0.04-0.69 for 2006 criteria and 0.35-0.78 for the 2010 criteria, respectively). The confidence intervals based on the methods of recycled predictions overlapped in both comparisons.
Disparities among Medicare Beneficiaries with Severe Health Problems
This part of the analysis, which included 27 percent of the overall study sample, produced similar patterns as the above analyses. In particular, according to the 2006 criteria, the range of adjusted odds ratios for blacks to whites was 0.38-0.56 (po.05); the range of adjusted odds ratios for Hispanics to whites was 0.09-0.45 (po.05). According to the 2010 criteria, the range of the adjusted odds ratios for blacks to whites was 0.63-0.68 (po.05); the range of adjusted odds ratios for Hispanics to whites was 0.59-0.66 (po.05). Analyses based on the sensitivity analysis using an alternative definition of ''severe health problems'' had similar findings. The analysis of 2006 data produced similar directions of disparities, but some disparities were not significant. This held for all three study objectives (results not shown).
DISCUSSION
Using historical data from a federal survey, this study found that blacks and Hispanics both would have a lower likelihood of being eligible for MTM than would whites according to 2006 criteria and 2010 criteria. Using 2006 data after MTM implementation, similar disparity patterns were found, although some disparity findings were not significant because of inadequate statistical power. Because the MTM eligibility criteria are predominantly based on the use of prescription drugs and health services, these study findings are consistent with previous literature that reported that minorities use fewer prescription drugs and health services than do whites (Briesacher, Limcangco, and Gaskin 2003; Schore, Brown, and Lavin 2003; Wang et al. 2006 Wang et al. , 2007a ).
Andersen's Behavioral Model of Health Services Utilization seems to be a reasonable model to use for this study. For example, in the main analysis in Table 3 , the significant variables included predisposing factors (non-Hispanic blacks, Hispanics, and male), enabling factors (with Medicaid), and need factors (self-perceived good, fair, and poor health status, disability eligibility). Previous literature has reported various causes for the lower utilization of health services and pharmaceutical products among minorities than among whites. These causes can again be summarized as predisposing, enabling, and need factors (e.g., Briesacher, Limcangco, and Gaskin 2003; Wang et al. 2006 Wang et al. , 2007b Wang et al. , 2008 . Regardless of the causes for the lower utilization among racial and ethnic minorities, because MTM eligibility criteria are predominantly based on utilizations, our study found that there would be a lower likelihood of meeting MTM eligibility criteria among racial and ethnic minorities than among whites. Andersen's Behavioral Model of Health Services Utilization then further reminds us that, because of the would-be lower likelihood of meeting eligibility criteria among minorities than among whites, minorities may have lower likelihood of enjoying improved patient satisfaction and improved health outcomes from the use of MTM services compared with whites. The findings of this study have wider implications than Medicare because health plans that offer MTM services also include state Medicaid programs and self-insured employers (Schommer et al. 2008) . As the government agency that administers both Medicare and Medicaid, CMS has great influence on all other payers.
MTM is one example of value-based strategies, which are typically based on economic evaluations that do not usually incorporate the distributional effects or equity concerns of the strategies. Equity-efficiency dilemma has characterized the health care systems that formally include economic evaluation in their decision-making processes (Sassi, Le Grand, and Archard 2001) . One example of these systems is the British National Health Service (NHS) (Sassi, Le Grand, and Archard 2001) . It has been reported that policies to improve economic efficiency are often in direct conflict with the equity doctrine on which the NHS was founded (Sassi, Le Grand, and Archard 2001) .
There have been few studies on equity concerns of specific value-based strategies in the United States partly because value-based strategies are not common in the United States (Neumann 2005) . With the ever-increasing burden of the health care budget, the United States may need to use more value-based strategies in the future.
A health care environment conducive to equal access is pivotal for eliminating health disparities, one of the two overarching goals of Healthy People 2010 (U.S. Department of Health and Human Services 2000). The U.S. government's commitment to eliminate racial and ethnic disparities is all the more justified because of the increasing proportion of the minority populations in the United States. According to the U.S. Census Bureau, 40 percent of the elderly population in the United States will be persons of color by 2050, while this proportion was only 20 percent in 2000 (U.S. Census Bureau 2008) .
According to a widely cited framework for the causes of racial and ethnic disparities, if certain systems or policies cause racial and ethnic disparities, these systems and policies are classified as institutionalized causes for disparities (Jones 2000 (Jones , 2001 . Researchers previously have examined institutionalized causes for racial and ethnic disparities in health status. For example, Williams and Collins (2001) suggested that residential segregation determines access to education and employment opportunities and, in turn, creates conditions inimical to health in the physical and social environment.
In this study, we found that, among individuals with severe health problems, blacks and Hispanics still would have a lower likelihood of meeting MTM eligibility criteria than would whites, suggesting further urgency of changing the existing eligibility criteria for MTM. Regarding the previous literature related to the disparities for needy situations, Wang et al. (2006) found that blacks used fewer essential new medications than did whites. The researchers defined new medications as those in the market o5 years and essential drugs as those whose use can prevent worsening medical conditions, hospitalization, or mortality.
Our study findings were based on historical data, and the disparity implications of the MTM eligibility criteria were based on simulation. Therefore, future studies are warranted to confirm our findings using data after MTM implementation. Additionally, this study aimed to determine the would-be disparities in meeting eligibility criteria. Further research should examine whether the proportions of accepting the services differ across racial and ethnic groups when these services are actually offered to patients. This study examined only whether there would be disparities in meeting MTM eligibility criteria but did not determine effective measures to eliminate disparities. Strategies for eliminating disparities in meeting MTM eligibility criteria have national policy implications, so such strategies should be subject to more comprehensive tests.
The merits of this study come with several limitations. First of all, the target population for MEPS is noninstitutionalized civilians, so the study findings may not be generalizable to other populations such as individuals living in nursing homes. Additionally, MEPS data are mainly self-reported and have the potential for error during data collection, editing, and imputation. However, MEPS represents a significant improvement in the quality of pharmacy data over most other surveys, because it also collects information from pharmacy providers frequented by survey respondents, a step rarely taken in other surveys (Agency for Healthcare Research and Quality 2009) . MEPS data are frequently used in important studies and federal reports (Agency for Healthcare Research and Quality 2005, 2007) . When determining MTM eligibility, we have included all drugs rather than only Part D drugs; without a universal list of chronic conditions used by Part D plans, we used 25 medical conditions devised by Daniel and Malone (2007) . All these strategies, although well thought through, may have caused some inaccuracy in the estimation of would-be disparities. Nonetheless, the internal validity of this study is boosted because the eligibility thresholds for the MTM criteria are clearly defined, and our findings on racial and ethnic disparities are rather robust. Additionally, this study had similar findings as a CMS report on the proportions of individuals eligible for MTM. According to the main analysis for 2006 thresholds, the proportions of eligible individuals represent approximately 10 percent for each racial and ethnic group. Although these are would-be proportions, they are consistent with the CMS report on the proportion of MTM enrollees among the Part D beneficiaries in 2006 (CMS 2008 . This consistency attests to the reliability of our findings.
CONCLUSIONS
This study found that both blacks and Hispanics would have a lower likelihood of meeting MTM eligibility criteria than would whites based on the eligibility thresholds used by Part D plans in 2006 and the new CMS eligibility thresholds for 2010. These disparity patterns also were found among individuals with severe health problems. Therefore, it seems that there is significant urgency for changing the existing MTM eligibility criteria. Future studies are warranted to confirm the findings from this study using data after the MTM implementation, to examine the uptake rates of MTM services across racial and ethnic groups, and to determine effective strategies for eliminating racial and ethnic disparities in meeting MTM eligibility criteria.
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